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Abstract 

In this latter author would like to consider interaction between a dark 
energy based on Generalized Uncertainty Principle (GUP) and a Dark 
Matter described by effective EoS: P = (7 — l)p + po + i^hH + iqhiH 2 + 
oJdHH [I]-[3], which could be interpreted as a modification concerning to 
the some interaction between fluid P — (7— l)p with different components 
of the Darkness of the Universe. Two types of interaction, called sign- 
changeable, Q = q(3Hbp m + Ppm) IU, [5] and Q = 3Hbpm + Ppm are con- 
sidered. EoS parameter of the mixture ui to t are investigated. Statefinder 
diagnostics provided also. 



Introduction 



Statefmder diagnostics for Emergent, Intermediate and Logamediate scenarios 
showed, that Q = 3Hbp m form of interaction between a barotropic fluid and a 
dark energy model, based on Generalized Uncertainty Principle (origins of GUP 
are in the string theory), makes possible to cross {r = 1, s = 0}, corresponding 
to ACDM [7^ In this article we consider interaction of GUP Dark energy with 
a Dark Matter described by 

P= (j-1)p + po + lj h H + lj H2 H 2 +LJ dH H (1) 

EoS p]- [3]. We suppose, that such modification could be rise as a result of an 
interaction between P = (7— l)p fluid and Darkness of the Universe. Having this 
modification, we suppose that there is an interaction between GUP and modified 
fluid. Two different forms for interaction we take into account, one of them is 
called sign-changeable and includes deceleration parameter in order to provide 
sign changeability of the interaction term during evolution of the Universe, 
and the second type is interaction of ordinary form, which has the same sign 
from the early epoch to late stages. First type of interaction is described by 
Q = q(3Hbp m + (3p m ) 0], [S] and the second type reads as Q = 3Hbp m + /3p m . 
For both cases we assume that interaction depends on matter energy density and 
its first order derivative only. Questions concerning to the nature of interactions 
term, appearing in cosmology just due to mathematics, are still open. Dark 
energy density based on GUP, which is described by (n, £) parameters, takes 
the form 

PG-— + ^i (2) 
where 77 is the conformal time and reads as 

"-Iw> « 3 » 

Hereafter, in the main writing of the article we will present results, concerning 
to Logamediate scenario: a(t) — exp (/i(lni) Q ), with pa > 0, a > 1. In appendix 
we will present results for a(t) = a {B+e At ) m , with a Q > 0, A > 0, B > 0, m > 1 
known as Emergent scenario and a(t) = exp(Xt 13 ), with A>0, < /? < 1 called 
Intermediate scenario. We also perform analysis for a scale factor [6], for which 
a evolution over time presented in FigJT] with such scale factor conformal time 
has a behavior shown in Figj2] 



The parameters of our interests are the jerk or statefmder parameter 

la 1 — 1 



and ujtot EoS parameter of the mixture. 



(4) 



The paper organized as follow: in the next section we will introduce equa- 
tions which governs our model. Next we will obtain and investigate parameters 
of our model for each type of interaction. At the end in the last section we 
will conclude results concerning to the model. In appendix results concerning 
to Emergent and Intermediate scenarios presented in order. 

1 Readers kindly requested to observe references of the article for self consistent information 
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Figure 1: a against t 



Figure 2: Conformal time rj against t 



The field equations and the Model 

Field equations that governs our model read as 

R» u - ^ V R% = T^, 
which by means of FRW metric 

ds 2 = dt 2 - a(t) 2 (dr 2 + r 2 d0 2 + r 2 sin 2 

is reduced to 



H 



2 _ a _ Ptot 

^ - "3"' 



d 1 . 

= ~^\Ptot + Ptot) i 

a o 



with Bianchi identities implying that 



Ptot + i~{ptot + Ptot) = 0. 
a 



(5) 

(6) 

(7) 
(8) 

(9) 



The mixture of our consideration describes by 

Ptot=Prn+PG- (10) 
Ptot = Pm + P G - (11) 

In case of interaction between components, (Joj) splits into two following equations 

p m + 3H{p m + P m ) = -Q (12) 



and 

p G + 3H( PG + P G ) = Q, (13) 

where Q is the interaction term introduced above. (12 1 with ([I]) allows us to 
obtain p rn . With p m and pa from ([7| Hubble parameter as a function of t 
accounting interaction under consideration will be obtained. Having p m , pq 
and H(t) from ^ for Pq in case of interaction will be covered immediately 

P G = -2H-(P m + Pm )-p G - (14) 

Then having all parameters calculated we will be able to investigate parameters 
discussed above. 



Interaction Q = 3bHp m + f3p m 

In Logamediate scenario for conformal time we have 

(15) 



exp(/i(ln t) a )' 



For a = 2 ( 15 ) reads as 



(16) 



2Vm 
where 

Erf{z)=^ r f e- t2 dt. (17) 
V 71 " Jo 

For simplicity we omit expressions of Dark Matter Energy Density, of pressure 
and etc., and going to graphical analysis of the model. We consider a = 2 
case in order to deal with analytical solutions, otherwise numerical analysis can 
be performed easily. We start with uj tot (Fig. [3]). We observe that in early 
epoch ujtot < — 1 and indicates phantom- like behavior, then during evolution 
the change of behavior from phantom to uj t ot > — 1 quintessence-like behavior 
occurs, which in its turn at late stages of evolution behaves as a cosmological 
constant with w tot = —1. Statefinder diagnostics reveal that we cross {r = 1, s = 
0} twice corresponding to ACDM. Departing from the section with positive s 
and positive r corresponding to the radiation phase of the Universe we cross 
{r = l,s = 0} corresponding to ACDM and we back to radiation phase for 
late stage of the Universe (Fig. Q. This depends on a value of /3 parameter 
presenting in interaction Q, which indicates an impact of the p m in interaction 

E 



2 



H = 2.2, b = 0.5, 13 = 0.2, 7 = 1.5, p = -0.5, w H = -1.5, lu H2 = -0.6, ui dH = -0.3 
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Fi gure 3; Logamediate Scenario: totot against t, Interaction: Q — 3bH p m ~\~^fP; 




Interaction Q = q(3bHp m + 7p m ) 

In this section we will consider sign-changeable interaction between components, 
which involves deceleration parameter q. Here we present graphical analysis 
of some parameters of the model. Parameters of our interest were found by 
the same mathematical way as in previous case. For EoS Utot parameter we 
found that in early stages of evolution it has quintessence-like behavior with 
^tot > —1, then there is a transition to uj to t < — 1 with phantom-like behavior 
and preserving it up to late stages of evolution (Fig [5]). Statefinder diagnostics 
presented in Fig{6][[] 




10 10 30 40 50 



Figure 5: Logamediate Scenario: uitot against t, Interaction: Q — q(3bHp m + 

IPm) 



3 n = 2.2, b = 0.5, p~ = 0.2, 7 = 1.5, p = -0.5, w H = -1.5, w H2 = -0.6, u> dH = -0.3 




-0.003 -0.002 -O.O01 0.000 



Figure 6: Logamediate Scenario: r against s, Interaction: Q — q(3bH p m + 7 p m ) 



Scale factor 2 



Having scale factor profile for which a over time is presented in Fig [T] we per- 
form numerical analysis in order to reveal the behavior of the parameters under 
consideration. With Q = 3bHp m + f3p m interaction we observe that when 
Po = luh = UdH = and loh2 = 0, during whole evolution of the Universe 
utot = —1- Then for instance, when po = —1.5, uih = —1 ^dH = —0.5 and 
luh2 = —0.65 we observe that, uj to t <= —1 and it is true during whole evo- 
lution (FigJT]). In the case of positive po = 1.5 we observe that in the early 
epoch u tot > then there is stage with w tof > — 1 indicating quintessence-like 
behavior. Finally for late time evolution uj to t <= —1 indicates phantom-like 
behavior (Figjs]) . Statefinder diagnostics shows that a crossing of {r = 1, s = 0} 
is possible (Figj9j). Taking into account sign-changeable interaction between 
components of the mixture we observe that in case po = ujh = ^dH = and 
UJ H2 = for EoS parameter we have ui tot >= —1 during evolution (Fig 10). For 



this case statefinder diagnostics presented in Fig |ll| In case when parameters 
differ from we observe that with po — 1.5 Universe starts with u) to t > — lj 
then continues its evolution and becomes uj to t < — 1- Finally, for late time of 
the evolution w tot = —1 (Fig|l~2|). With p = —1.5 for EoS parameter we have 
Fig(T3] 




Fi gure 7: Scale factor 2. tutot against t. Interaction: Q — 3bHp m -+- ^fpmi 
Po = -1.5 
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Figure 10: Scale factor 2. uj tot against t. Interaction: Q = q(3bHp m 4- 7p m ) 
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Figure 11: Scale factor 2. r x 10 _1 against s. Interaction: Q = Q(^Hp m -\-jp m ) 
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Figure 12: Scale factor 2. uj tot against t. Interaction: Q = q(3bHp m + 7p m ), 
= 1.5 
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Figure 13: Scale factor 2. u) tot against t. Interaction: Q = q(3bHp m +7p m ), 
Po = -1.5 
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Discussion 



Two different types of interaction Q = q(3bHp m + 7/3 m ) and Q = 3bHp m + "/p m 
between GUP Dark Energy and a fluid with a modified EoS were considered. 
In case of Q = 3bHp m + ^p m we observe phantom-quintessence-cosmological 
constant evolution for oj to t- Statefinder diagnostics reveal that we cross {r = 
l,s = 0} twice corresponding to ACDM depending on j3 parameter presenting 
in interaction Q, which indicates an impact of p m in interaction. Departing 
from the section with positive s and positive r corresponding to the radiation 
phase of the Universe we cross {r = 1, s = 0} corresponding to ACDM and we 
back to radiation phase for late stage of the Universe (Fig. [4j. Interacting by 
Q = q('SbH p m +lPm), EoS u tot parameter has quintessence-phantom transition 
(Fig [5]). Here we are also able to cross {r = 1, s = 0} corresponding to ACDM. 
In the second part of the article we considered a scale factor for which we have 
profile of a. We observe an interesting behavior for the model. For instance, 
Q = 3bHp m + Pp m interaction shows that when po = lor = ^dH = and ujh2 = 
during whole evolution of the Universe w tof = — 1. Then, with parameters 
Po = —1.5, ujh = —1 ^dH = —0.5 and wh2 = —0.65, we saw, that uj tot <= — 1 
and it is true for whole evolution (Fig{7|. In the case of positive po = 1-5 we 
observe that in the early epoch w tot > then there is a stage with w tot > — 1 
indicating quintessence-like behavior. Finally for late time evolution uitot <— 
— 1 indicates phantom- like behavior (Figj8j). Statefinder diagnostics shows that 
the crossing of {r = l,s = 0} is possible (Figj9|. Taking into account sign- 
changeable interaction between components of the mixture we observe that in 
case po = wjj = u>dH = and u>H2 = EoS parameter uj to t >= —1 during 



evolution (Fig 10). For this case statefinder diagnostics presented in Fig 11 In 



case when parameters differ from we observe that with po = 1.5 Universe 
starts with uj tot > —1, then continues its evolution and becomes u tot < — 1. 
Finally, for late time of the evolution uj to t = —1 (Fig 12). With po = —1.5 
for EoS parameter we have Fig 13 For fixing real values of the parameters of 
the considered model, we should perform comparison with experimental data, 
which will be done in forthcoming articles. For all cases we see, that for late 
stages of the evolution mixture indicates itself as a cosmological constant. In 
an appendix we present results concerning to the Emergent and Intermediate 
scenarios for both cases of interactions. 
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Appendix 




Figure 15: Intermediate Scenario: u> tot against t, Interaction: Q — 3bH p m +"/p r , 




Fi gure 16: Intermediate Scenario: r against s, Interaction: Q — 3bH p rn -\- ^ypn 




Figure 17: Intermediate Scenario: lotot against t, Interaction: Q — q(3bHp„ 
IPm) 
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Figure 18: Intermediate Scenario: r against s, Interaction: Q = q(3bH p m +jp m ) 
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Figure 19: Emergent Scenario: u) to t against t, Interaction: Q = 3bHp m + 7p„ 
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Figure 20: Emergent Scenario: r against s, Q = 3bHp m + 




Figure 21: Emergent Scenario: cj tot against t, Interaction: Q = q(3bHp m +"fp m ) 
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Figure 22: Emergent Scenario: r against s, Q = q(3bHp m + 7/9 TO ) 
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